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ABSTRACT

TheInternationalFire Sprinkler, Smoke & HeatVent,Draft CurtainFire TestProjectorganizedby the
NationalFireProtectionResearchFoundation(NFPRF)broughttogetheragroupof industrialsponsors
to supportandplanaseriesof largescaleteststo studytheinteractionof sprinklers,roof ventsanddraft
curtainsof thetypefoundin largewarehouses,manufacturingfacilities,andwarehouse-like retailstores.
Representativesfrom thesponsoringorganizations,theNationalInstituteof StandardsandTechnology
(NIST), andotherinterestedpartiesplanned39 large scalefire teststhatwereconductedin theLarge
ScaleFireTestFacility atUnderwritersLaboratories(UL) in Northbrook,Illinois.

INTRODUCTION

Therehasbeena long-standingdebatein the fire protectioncommunityaboutthe combineduseof
roof vents,draft curtains(curtainboards)andsprinklers.Numerousstudieshave beenconductedover
thepastfew decades,yet many questionsremainaboutthe interactionof thesedevices. As a result,a
coordinatedpublic-private researcheffort wasorganized.A groupof industrialsponsorswasbrought
togetherby the NationalFire ProtectionResearchFoundation(NFPRF)to supportandplan a series
of largescaleexperimentsusingbotha heptanesprayburnerandcartonedpolystyrenecups(GroupA
plastic)asfire sources.A committeemadeup of representativesof the sponsoringorganizations,the
NationalInstituteof StandardsandTechnology(NIST), andotherinvited participantswascreatedby
theNFPRFto guidethestudies.Thecommitteeselectedonesprinkler, roof vent,draft curtaindesign
for installationin the test facility in order to simulatefire protectionsystemsfound in warehouses,
warehouseretail storesandmanufacturingfacilities. Theobjective of theprojectwasto investigatethe
effect of roof ventsanddraft curtainson the time, number, andlocationof sprinkleractivations;and
alsotheeffectof sprinklersanddraftcurtainsontheactivationtime,number, anddischargeratesof roof
vents.

In all, 39 testswerespecifiedby the committee.All 39 testswereconductedin the Large ScaleFire
TestFacility at UnderwritersLaboratories(UL) in Northbrook,Illinois. Theexperimentsweredivided
into threeseries:an initial setof 22 heptanesprayburnertests(HeptaneSeriesI) [1, 2], 12 additional
heptanesprayburner tests(HeptaneSeriesII) [3, 2], and5 cartonedplasticcommoditytests(Plastic
Series)[3, 2]. In addition,fire modelingandsupportinglaboratoryexperimentsprovidedby NIST aided
in theplanningof largescaleexperimentsandin theanalysisof thedata.



TEST DESCRIPTION

TheLargeScaleFire TestFacility at UL containsa 37 m by 37 m (120ft by 120ft) mainfire testcell,
equippedwith a30.5m by 30.5m (100ft by 100ft) adjustableheightceiling. Theheightof theceiling
maybeadjustedby four hydraulicramsup to a maximumheightof 14.6m (48 ft). A flexible design
sprinkler piping systemwas available at the ceiling to permit any arrangementof sprinklerspacing
with minimum pressurelosses. The exhaustflow rate in the test facility could be adjustedfrom a
minimum rateof 11 m3/s (24,000ft3/min) to a maximumof 28 m3/s (60,000ft3/min). Four 1.5 m
(5 ft) diameterinlet ductsprovidedmake up air andwerelocatedat thewalls3 m (10 ft) above thetest
floor to minimizeany induceddraftsduringthetests.Thecombustionproductsfrom thefire testswere
exhaustedthrougha regenerative smoke abatementsystem.During theheptanesprayburnertests,the
exhaustwasmaintainedat the minimum operatingrate; during the cartonedplasticcommoditytests,
theexhaustwasmaintainedat themaximumto draw asmuchof thesmoke from theplenumspaceas
possibleto delaythedescentof thelayerbelow theadjustableheightceiling.

Thelayoutof thefirst seriesof heptanesprayburnertestsis shown in Fig. 1. One1.2m by 2.4m (4 ft
by 8 ft) vent (denotedby a rectangle)wasinstalledamong49 uprightsprinklers(smalldots)with 3 m
by 3 m (10 ft by 10 ft) spacing.Theceiling wasraisedto a heightof 7.6 m (25 ft) andinstrumented
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FIGURE 1: Plan view of heptanespray burner
configuration, SeriesI.
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FIGURE 2: Plan view of heptanespray burner
configuration, SeriesII.

with thermocouplesandothermeasurementdevices.Theceilingwasconstructedof 0.6m by 1.2m by
1.6cm(2 ft by 4 ft by 5/8 in) UL fire ratedceilingtiles,suspendedfrom 3.8cm(1.5in) widesteelangle
brackets.Thelayoutfor thesecondseriesof heptaneburnertestsandthecartonedplastictestsis shown
in Fig. 2. For thesetests,theceilingheightwas8.2m (27 ft), andtherewere5 vents.

Draft curtains(denotedby dashedlines in Figs.1 and2) 1.8 m (6 ft) deepwereinstalledfor 16 of the
22testsin HeptaneSeriesI, all of thetestsin HeptaneSeriesII, and3 outof 5 testsin thePlasticSeries.
The curtainswereconstructedof 1.4 m (54 in) wide sheetsof 18 gaugesheetmetal. The seamsin
thedraft curtainswereconnectedwith aluminumtape. Theareaof the largestquadrantin Fig. 2 was
selectedto provide a largerventto floor ratio (1:42)thancalledfor by theUniform Fire Code(1:50for
up to 6.1m (20 ft) of storageheightandlessthen560m2 (6000ft2) of curtainedarea)[4].



The sprinklersusedin all the testswereCentralELO-231(ExtraLarge Orifice) uprights. The orifice
diameterof thissprinklerwasreportedby themanufacturerto benominally16mm (0.64in), therefer-
enceactuationtemperaturewasreportedby themanufacturerto be74

�
C (165

�
F). TheRTI (Response

TimeIndex) andC-factor(Conductivity factor)1 werereportedby UL to be148(m � s)
1
2 (268(ft � s)

1
2 ) and

0.7(m/s)
1
2 (1.3(ft/s)

1
2 ), respectively [1]. Wheninstalled,thesprinklerdeflectorwaslocated8 cm(3 in)

below theceiling. Thethermalelementof thesprinklerwaslocated11 cm (4.25in) below theceiling.
Thesprinklerswereinstalledwith 3 m by 3 m (10 ft by 10 ft) spacingin asystemdesignedto deliver a
constant0.34L/(s � m2) (0.50gpm/ft2) dischargedensitywhensuppliedby a 131kPa (19 psi) discharge
pressure.

UL-listed doubleleaf fire ventswith steelcoversandsteelcurbswereinstalledin theadjustableheight
ceiling in the positionsshown in Figs. 1 and2. The vent designwasselectedin collaborationwith
theNFPRFTechnicalAdvisory Committeewho sponsoredthe large scaletests.Theventdoorswere
recessedinto theceiling0.3m(1 ft). Theventsweredesignedtoopenmanuallyorautomatically. In tests
whereautomaticoperationof theventswasdesired,UL-listedfusiblelinks ratedateither74

�
C (165

�
F)

or 100
�
C (212

�
F) were installed. In most tests,the 74

�
C link wasused. To determinethe thermal

responsepropertiesof thefusible link, a plungetunneltestwasperformedat NIST on a representative
link assemblythat consistedof a fusible link ratedat 74

�
C boltedto a steeltab that wasweldedto a

steelsupportbar[6]. Theinterval betweenthetimewhenthelink reachedits activationtemperatureand
thetimewhenit fusedwassignificant,suggestingthataoneparametermodelof link activationmaynot
sufficeto fully characterizethethermalresponseof thelink. However, for thepresentstudy, aneffective
RTI for the link assemblybasedon the fusing time wascalculatedto bebetween167and180(m � s)

1
2

(302and326(ft � s)
1
2 ).

The heptanesprayburnerconsistedof a 1 m by 1 m (40 in by 40 in) squareof 12 mm (0.5 in) pipe
supportedby four cementblocks 0.6 m (2 ft) off the floor. Atomizing spraynozzleswere usedto
provide a free sprayof heptanethat was then ignited. The total heatreleaserate from the fire was
controlledmanuallyfollowing a the curve Q̇ � αt2 with α � 1 � 78 kW/s2. The fire growth ratewas
intendedto approximatetheestimatedgrowth rateof thecartonedplasticcommodityburnsconducted
at FMRC [7]. The fire growth curve wasfollowed until a specifiedfire sizewasreachedor the first
sprinkleractivated. After eitherof theseevents,the fire sizewasmaintainedat that level, consistent
with a control-modesprinklersystem.Theheatreleaseratefrom theburnerwasconfirmedby placing
it underthe largeproductcalorimeterat UL, rampingup theflow of heptanein thesamemannerasin
thetests,andmeasuringthetotalandconvective heatreleaserates.It wasfoundthattheconvective heat
releaseratewas0.65� 0.02of thetotal.

TheFactoryMutualResearchCorporation(FMRC)StandardPlastictestcommodity, aCartonedGroup
A UnexpandedPlastic,served asthe fuel for thecartonedplasticcommodityseries.This commodity
hasbeenusedextensively for testingsince1971[7]. It consistedof rigid crystallinepolystyrenecups
(empty, 0.47L (16 fl oz) size)packagedin compartmented,single-wall, corrugatedpapercartons.The
cupswerearrangedopenenddown in five layers,25perlayerfor a totalof 125percarton.Eachcarton,
or box,wasa cube0.53m (21 in) on a side.Eight boxescompriseda palletload. Two-way, 1.06m by
1.06m by 0.13m (42 in by 42 in by 5 in) slatteddeckhardwoodpalletssupportedthe loads.A pallet
loadweighedapproximately80 kg (170lb), of which about36%wasplastic,35%waswoodand29%
wascorrugatedpaper[7]. A ClassII commoditywasusedin thetargetarraysbeyondtheexpectedarea
of thefire spread.Thiscommodityconsistedof doubletri-wall corrugatedpapercartonswith five-sided
steelstiffenersinsertedfor stability. Thetwo cartonsplustheliner formeda single1.06m (42 in) cube
having acombinednominalwall thicknessof 2.5cm(1 in).

1SeeRef. [5] for adescriptionof RTI andC-factor.
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FIGURE 3: Layout of PlasticTestP-1.
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FIGURE 4: Layout of PlasticTestP-2.
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FIGURE 5: Layout of PlasticTestP-3.
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FIGURE 6: Layout of Plastic TestsP-4 and P-
5.



Thelayoutsfor thecartonedplasticcommoditytestsareshown in Figs.3–6.Eachstoragearray(denoted
by griddedrectangles)consistedof amain(ignition) double-row rackat thecenter, flankedontwo sides
by singlerow target racks.Therows wereseparatedby 2.4m (8 ft) wide aisles.Eachof thetwo rows
of the main arrayconsistedof four 2.4 m (8 ft) long bays;a 0.15 m (6 in) flue separatedthe rows.
Longitudinalfluesof 0.2 m (7.5 in) wereusedto separatethepalletswithin a row. Theoverall loaded
areaof thedouble-row rackmeasuredapproximately2.3m (7.5ft) wideby 10m (33ft) long. Theracks
weredividedvertically into 4 tiers;theoverall loadedheightwas5.8m (19 ft). A similar configuration
wasusedin aseriesof FMRCburnsdocumentedin Ref.[7]. Thefirewasignitedwith 2 standardigniters
which consistedof 8 cm (3 in) long by 8 cm diametercylindersof rolled cottonmaterial,eachsoaked
in 120mL (4 oz) of gasolineandenclosedin a polyethylenebag.Therolls wereplacedjust above the
palletagainstthecartonsurfacesin thefirst tier of themainarray, halfwaydown thetransverseflue. The
igniterswerelit with aflamingpropanetorchat thestartof eachtest.

TypeK 1.6mm(0.0625in) diametersheathedthermocoupleswereusedto measure(i) temperaturesnear
thesprinklers,(ii) temperaturesof theceiling jet, and(iii) temperaturesnearthevent.All thermocouple
measurementswerecollectedelectronicallyat a 2 s scanrate. In the secondseriesof heptanespray
burner testsand in the cartonedplastic commoditytests,threecalibratedbrassdisks with different
thermalresponses,plusa 1.6mm (0.0625in) sheathedtypeK thermocouple,wereinstalledwithin the
vent cavity nearthe fusible link. The RTI valuesof the disksweredeterminedfrom plungetestsat
UL [3]. Thevalueswerereportedto be32,164and287(m � s)

1
2 (58,297and519(ft � s)

1
2 ) for the“f ast”,

“medium” and“slow” disks, respectively [3]. The measurementsof eachrangedbetween-10% and
+10%of thereportedvalue.

DISCUSSIONOF EXPERIMENT AL RESULTS

In this section,the resultsof the experimentswill be discussedwith an emphasison how roof vents
anddraft curtainsaffect thetime,numberandlocationof sprinkleractivations;andhow sprinklersand
draft curtainsaffect the time, numberanddischarge ratesof roof vents. To facilitatethediscussion,a
summaryof the39 largescaleexperimentsis presentedin Table1.

Effect of Ventsand Draft Curtains on Sprinkler Activation Times

Whenthefire wasnot igniteddirectly underneatha vent, theactivation timesof thenearestsprinklers
to thefire werenot affectedby theopeningof ventseitherprior to or afterthefirst sprinkleractivation.
Whenthefire wasignited3 m (10ft) from theventcenter, theonly discernibleaffectof theventopening
onsprinkleractivationwasfor thosesprinklersimmediatelydownstreamof thevent.

In testswherethefire wasigniteddirectly beneatha vent,ventopeningsprior to theactivation of the
nearestsprinklershadaneffecton thesprinkleractivationtimes.Theearliertheventopening,themore
noticeablethe effect. For example,in TestsI-12, I-13, I-14 and I-15 wherethe fire waspositioned
directlyundertheventandthedraft curtainswereinstalled,theaveragesprinkleractivationtimeof the
nearestfour sprinklerswas1:13whentheventwasheldclosed(TestI-12), 1:29whentheventopened
automaticallyat1:04(TestI-13), 1:58whentheventwasopenedmanuallyat0:40(TestI-14), and1:08
whenthe vent wasopenedmanuallyat 1:30 (Test I-15). This datasuggeststhat the earlier the vent
activation,thelongerthedelayin activationof thefirst ring of sprinklers.

TestI-16 wasperformedwith a differentfire growth curve, andcannotbedirectly comparedwith any
othertest.In thattest,thefirst sprinkleractivatedat thesametimethattheventopened(1:46),followed
by thenext two sprinklersat 2:06and2:08. Oneof thefour sprinklersnearestthefire did not activate
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at all. The temperaturenearthis sprinklerwas140
�
C (284

�
F) at the time of the vent opening,but it

decreasedto about80
�
C (176

�
F) over thenext few minutes.

Duringthesecondseriesof heptanesprayburnertests,two testswereperformedwith theburnerdirectly
undera vent. In TestII-7, wheretheventwasheldclosed,theaverageactivation timesof thenearest
two sprinklerswas1:14andthenearestsix 1:24. In TestII-3, wheretheventopenedautomaticallyat
1:15,theaverageof thenearesttwo sprinklerswas1:17andthenearestsix 1:32.

Effect of Ventsand Draft Curtains on Number of Sprinkler Activations

In general,draft curtainsincreasedthenumberof sprinkleractivations.Inspectionof Table1 indicates
that in TestsI-1 andI-8 therewere11 activationswhenthe draft curtainswereinstalledandthe vent
wasclosed,andin TestI-17 therewere4 activationswhenthecurtainswerenot installedandthevent
wasclosed. TestsI-4 andI-7 both had10 activationswith the curtainsinstalledandthe vent closed,
TestsI-18 andI-21 had4 and10 activationswith thecurtainsremoved. TestsI-9 andI-10 had12 and
13 activationswith curtainsinstalled,TestI-22 had6 activationswith thecurtainsremoved. This data
indicatesthatin testsperformedwith draft curtainswherethefire wasnotdirectlybeneatha vent,there
wereup to twiceasmany sprinkleractivationscomparedto testsperformedwithoutdraft curtains.

Thereasonfor theincreasednumberof activationsis thatdraft curtainsleadto anincreaseof thenear-
ceiling gastemperatures.Consider, for example,thepeakgastemperaturesnearthesecondring sprin-
klersin TestI-1 comparedto thoseof TestI-17. Thetemperatureswerebetween20

�
C and30

�
C (36

�
F

and54
�
F) lower in TestI-17. Similardifferencescanbeseenwhencomparingtemperaturesin TestsI-1

throughI-16 with thosein TestsI-17 throughI-22. Thedifferencebetweentemperaturesin thecurtained
anduncurtainedtestscanbeexplainedbyconsideringafireplumeimpingingonawell-developed,1.8m
(6 ft) deepsmoke layerasopposedto a thinnerlayer. In thelattercase,theplumecanentrainmorecool
air beforeit reachestheceilinglayer, andthereforethesmokeis coolerby thetimeit reachestheceiling.
Plus,thedeepersmoke layerformedby thedraft curtainsinsulatesthesprinklersfrom coolerair below
thelayer, leadingto moreactivations.

Whateffect did theventshave on thenumberof activations?Whenthefire wasigniteddirectly under
a vent(PositionA), thenumberof activationswasreduced.ConsiderTestI-12 versusTestsI-13, I-14,
I-15 andI-16. The numberof activationswasroughly halved dueto the openingof the vent directly
abovethefire. TestsII-3 andII-7 show thenumberof activationsreducedfrom 18to 12. However, when
thefire wasnot ignitedunderavent,therewaseitherasmalldecreaseor nodecreaseatall in thenumber
of sprinkleractivations.TestsI-1 andI-8 comparedwith TestsI-2 andI-3 showedno reductionin the
numberof activationswhenthefire wasignited3 m (10ft) northof thevent.TestsI-4 andI-7 compared
to TestsI-5 andI-6 showeda reductionof 1 and2 sprinklersfrom 10. TestsII-11 andII-12 showedno
reductionat all. TestsI-9 andI-10, aswell asTestsII-1, II-5, II-2 andII-6 showedno reductioneither.
Thus,unlesstheignition tookplaceunderor verynearavent,therewasnoevidencein thisdatasetthat
ventingreducedthenumberof sprinkleractivations.

To seewhy ventshad little effect on the numberof sprinkleractivations,considerthe averagepeak
temperaturesin the curtainedareain TestsII-1, II-2, II-5, II-6, II-11 andII-12. In TestsII-1 andII-5
wherethe fire was locatedat PositionD andno ventsoperated,the averagepeaktemperatureswere
129.4

�
C and130.0

�
C, respectively. In TestsII-2 andII-6 wherethefireswereat PositionD but all the

ventswereopenedat thestartof the tests,theaveragepeaktemperatureswere128.8
�
C and127.5

�
C,

respectively. Similarly, in TestII-11 wherethefire wasat PositionC andtheventdid not operate,the
averagepeaktemperaturewas123.4

�
C, whereasin TestII-12, whereall theventswereopenedat the

start,thetemperaturewas119.0
�
C.



Effect of Ventsand Draft Curtains on Sprinkler DischargePattern

In thecartonedplasticcommodityTestP-3,thedraftcurtainto thenorthof theignition pointdelayedthe
operationof sprinklersfurthernorthandblockedthesprayof sprinklersoneithersideof it. In this test,
thefuel arrayextendedbeneaththenorthandwestcurtains.Thefire spreadto thenorthsideof themain
arraybecausethecommoditytherewasunwetteddueto adelayin sprinkleractivationonthenorthside
of thecurtainandblockageof thesprinklersprayfrom thesouthside.Theresultsof TestP-3reinforced
evidenceprovidedby two similar2 testsperformedby FactoryMutual [7]. In theFMRC tests,thefires
spreadunderneaththecurtains,resultingin thedevelopmentof a moreseverefire, a greaternumberof
sprinkleroperations,anatypicalsprinkleropeningpattern,distortedsprinklerdischargepatternswhich
affectedprewettingof commodity, andmoresmoke production.Althoughthefire damageandnumber
of sprinkleractivationsin TestP-3werenot asgreatasthatseenin the testsperformedat FMRC, the
fire damagewassubstantiallyhigher in this test than in any other testperformedin the series,even
thoughthefirst two sprinkleractivationswererelatively early (67 and72 s). This earlyactivationwas
mostlikely dueto thecloseproximity of thefire to the intersectionof thedraft curtains.However, the
earlyjumponthefire did not leadto arapiddecreasein temperaturesor sprinkleractivationsaswasthe
casein TestsP-4andP-5, theothertwo testsperformedwith draft curtainsinstalled. Instead,thefire
spreadto theunprotectednorthfaceof thecentralarray;andeventhoughit waseventuallycontrolledby
sprinklerson thenorthsideof theeast-westcurtain,it ultimatelyconsumedapproximately184boxes,
nearlytwice asmuchasTestsP-4andP-5. A ventdid automaticallyactivateat 4:11,but by that time
thetwo sprinklersoneachsideof it hadalreadyactivated.Basedonanexaminationof thethesprinkler
activationpatternandthethermocoupledata,theopeningof theventhadnoinfluenceonthetestresults.

Effect of Sprinklers on the Number and Time of Vent Activations

Basedonthetestdatacollectedin thisstudy, it is difficult to assesshow, in general,sprinklersaffect the
activation of ventsbecause(1) thereis little informationabouthow the ventswould have operatedin
anunsprinkleredfacility becauseonly onetestwasperformedwithoutsprinklers,and(2) only onevent
designwasusedin the testprogram.However, it appearsfrom thedatabelow that thesprinklerspray
influencedthethermalresponsecharacteristicsof this particularvent,andit is believed thatsprinklers
couldhave asimilar influenceoncomparableventdesigns.

In theoneunsprinkleredtestof thestudy(TestI-11), theventopenedat4:48.Theheptanesprayburner
was8.6 m (28 ft) from theventcenter. Six othersprinkleredtestswereperformedwith thefire at this
distancefrom the ventwhenthe ventwasequippedwith a fusible link, andin noneof thesetestsdid
theventopen.In theunsprinkleredTestI-11, thetemperatureneartheventwasabout170

�
C (338

�
F),

whereasin TestI-10, with thefire at thesamelocation,the temperatureneartheventwasabout90
�
C

(194
�
F) afterthesprinklershadactivatedaroundthefire. Examinationof thenear-ceiling temperatures

from all the testsindicatesthat sprinklersof this type have a significantcooling effect that altersthe
responseof thethermally-responsive, independently-controlledvents.

To betterunderstandthethermalenvironmentin thevicinity of thevent’s fusible link, a thermocouple
andthreecalibratedbrassdiskswereplacednearthelink of thevent locatedat thenorthwestcornerof
thecurtainedareaduring thesecondseriesof heptanesprayburnertests.In TestsII-3 andII-4, when
theventopenedautomatically, thetemperatureof the“medium” and“slow” disksroseabove therated
temperatureof the link (74

�
C, 165

�
F) at aboutthe sametime that the vent opened.In TestII-8, the

ventopenedabout10sbeforethe“medium” disktemperaturereached74
�
C, and30sbeforethe“slow”

disk temperaturereached74
�
C. In TestsII-9 andII-11, wheretheventdid not open,the temperatures

2Thetestsperformedat FMRCinvolvedslattedwoodshelving,a slightly differentrackconfiguration,anddifferentsprin-
kler spacingandflow rate.



recordedby the “medium” and“slow” diskswerecomparableto thoserecordedby the disksin Tests
II-3, II-4 andII-8.

In PlasticTestP-2,thefire wasigniteddirectlyundera vent. In theexperiment,flamesreachedthetop
of thecentralarrayatabout65sandtheventcavity at about70s. Thefirst sprinkleractivatedat 100s.
Theventdid notopenatany timeduringthe30min testeventhoughanothervent6 m (20ft) to thewest
of theunopenedventopenedat 6:04. Thetemperaturehistoriesof thebrassdiskswithin thecavity of
theunopenedventaregivenby Fig. 7. After thetest,thefusiblelink wasexamined,andit wasobserved

FIGURE 7: Temperaturesinside the instrumented vent cavity during PlasticTestP-2. The curve
on the left displaysthe temperature of the thermocouplenear the fusible link. The curve on the
right displaysthe temperature of the brassdisks. The horizontal line on the right plot indicates
the rated temperature of the fusible link.

that thesolderholding the two stripsof metaltogetherhadbegun to melt. This observation hadbeen
madewhenexaminingthelinks afterseveralof theheptanesprayburnertests,aswell.

This data,along with the plungetunnelmeasurementsreportedabove suggeststhat the fusible link
reachedits activation temperaturebeforeor at aboutthesametime asthe thefirst sprinkleractivated,
but the link did not fuse. It is not clearwhetherthe link did not fusebecauseit wascooleddirectly by
waterdrawn upwardsinto theventcavity, or whetherthesprinklerspraysimplycooledtherisingsmoke
plumeenoughto preventthelink from fusing.In any event,thisphenomenonrequiresfurtherstudy.

Effect of Sprinklers on the DischargeRateof Vents

Thecoolingof thenear-ceiling gasesdueto theoperationof sprinklerswill affect therateof discharge
througha vent. To measurethe flow of gasesthrougha vent, a velocity probeand thermocouples
werepositionedin theventnearestthefire locationin thesecondseriesof heptaneburnertestsandthe
cartonedplasticcommoditytests. Unfortunately, the velocity datawasdeemedunreliable,thusthere
wasnomeansto directlymeasurethedischargerate.Instead,thenumericalmodelwasusedto examine
theeffectof sprinklerson thedischargerateof vents,andthis issuewill betakenup in aseparatepaper.

An indirect effect of sprinklerson vent performanceis that sprinkler spraysentrainsmoke and hot
gases,cool them,andtransportthemtowardsthefloor. No measurementsweremadeduringtheteststo
quantifythisphenomenon,but visualobservationsweremadeby theauthorsto determinewhatareasof
thetestspacefilled with smoke duringthefirst 5 or 10minutesof thecartonedplasticcommoditytests.
In TestP-1,earlierandmorefrequentsprinkleractivation occurredto the north of the ignition point,
leadingto heavier observedsmoke loggingin thenorthaisle.In TestP-2it waslessobviouswhichaisle



wasmoreheavily smoke logged.In TestP-3,thesouthaislewasmoresmoke loggedbecausesprinklers
to thenorthof theignition pointweredelayedby thedraftcurtains.Thecurtainsalsoblockedthesmoke
from thenorthaisle,at leastinitially. In TestP-4, thesouthaislewasmoreheavily smoke logged;in
TestP-5,thenorthaisle.Thesprinkleractivationpatternin TestsP-4andP-5wasconsistentwith these
observations.

CONCLUSIONS

Thirty-four largescalefire testswereconductedat theUnderwritersLaboratoriesLargeScaleFire Test
Facility in Northbrook,Illinois, to investigatewhateffect roof ventsanddraft curtainshaveon thetime,
numberandlocationof sprinkleractivations;andwhateffect sprinklersanddraft curtainshave on the
time, numberanddischarge ratesof roof ventsin a warehouseor warehouse-like retail store.Thetest
siteandexperimentaltestparameterswerechosenby anindustry-ledTechnicalAdvisoryCommitteeto
addressrelatively large,open-areabuildingswith smooth,unobstructed(exceptfor draft curtains)hor-
izontalceilings,adequatesprinklersystemsandindependently-controlled (i.e. not grouped)automatic
roof vents. Becausethe smoke wasventedinto a large plenumspaceandnot the atmosphere,wind
effectswerenotconsideredandtheeffect of ventingonsmoke obscurationcouldnotbequantified.

Themajorfindingsrelative to theinteractionof sprinklers,draft curtainsandventsbasedonananalysis
of theUL experimentsin thisstudywere:

	 In testswherethefire wasnot igniteddirectlyundera roof vent,ventinghadnosignificanteffect
on thesprinkleractivationtimes,thenumberof activatedsprinklers,thenear-ceiling gastemper-
atures,or thequantityof combustiblesconsumed.

	 In testswherethe fire wasignited directly undera roof vent, automaticvent activation usually
occurredat aboutthe sametime asthefirst sprinkleractivation,but the averageactivation time
of thefirst ring of sprinklerswasdelayed.Thelengthof thedelaydependedon thedifferencein
activationtimesbetweentheventandthefirst sprinkler.

	 In testswherethefire wasigniteddirectlyunderaroof ventthatactivatedeitherbeforeor atabout
thesametime asthefirst sprinkler, thenumberof sprinkleractivationsdecreasedby asmuchas
50%comparedto testsperformedwith theventclosed.

	 In testswheredraft curtainswereinstalled,up to twice asmany sprinklersactivatedcomparedto
testsperformedwithoutcurtains.

	 In onerackstoragetestwherethe ignition of thefire took placeneara draft curtainandthefuel
arrayextendedunderneaththe curtain,disruptionof the sprinklersprayanddelay in sprinkler
operationcausedby thedraftcurtainledto afire thatconsumedmorecommoditycomparedto the
othertestswherethefireswereignitedawayfrom thedraftcurtains.Thisresultwasdemonstrated
by themodelsimulation,aswell.

	 Thesignificantcoolingeffect of sprinklersprayson thenear-ceiling gasflow oftenpreventedthe
automaticoperationof thevents.Thisconclusionis basedonthermocouplemeasurementswithin
the vent cavity, the presenceof drips of solderon the fusible links recoveredfrom unopened
vents,andseveraltestswhereventsremotefrom thefire andthesprinklersprayactivated.In one
cartonedplasticcommodityexperiment,a vent did not openwhenthe fire wasignited directly
beneathit.



ACKNOWLEDGMENTS

Theauthorswould like to thankthefollowing individualsandorganizationsfor their assistancein this
project: FrederickMulhauptandDouglasBrown at theNationalFire ProtectionResearchFoundation
for organizingthe InternationalFire Sprinkler, Smoke andHeatVent,Draft CurtainFire TestProject;
themembersof theTechnicalAdvisory Committeefor their adviceandexpertisein reviewing thetest
dataandthedraftsof thefinal report;William Carey, DanielSteppanandPravin Gandhiat Underwrit-
ersLaboratoriesandJoeHankinsat FactoryMutual for sharingtheir testdataandtheir experiencein
commodityfire testing;andLeonardCooperandJayMcElroy of NIST for their efforts to characterize
thethermalresponsepropertiesof fusibleventlinks.

REFERENCES

[1] D.T. SheppardandD.R. Steppan.Sprinkler, Heat& Smoke Vent,Draft CurtainProject– Phase1
ScopingTests.Technicalreport,UnderwritersLaboratories,Inc.,Northbrook,Illinois, May 1997.

[2] K.B. McGrattan,A. Hamins,andD. Stroup. Sprinkler, Smoke & HeatVent,Draft CurtainInter-
action— Large ScaleExperimentsandModel Development. TechnicalReportNISTIR 6196-1,
NationalInstituteof StandardsandTechnology, Gaithersburg, Maryland,September1998.

[3] D.T. Sheppard.InternationalFire Sprinkler, Heat& Smoke Vent,Draft CurtainFire TestProject–
TestReport.Technicalreport,UnderwritersLaboratories,Inc.,Northbrook,Illinois, 1998.NC987-
96NK37863.

[4] InternationalConferenceof Building Officials,Whittier, California. Uniform Fire Code, 1994.

[5] G. HeskestadandR.G. Bill. Quantificationof ThermalResponsivenessof AutomaticSprinklers
IncludingConductionEffects.Fire Safety Journal, 14:113–125,1988.

[6] L.Y. Cooper. SimulatingtheOpeningof Thermally-ActuatedFireVents.TechnicalReportNIST In-
ternalReport(in preparation),NationalInstituteof StandardsandTechnology, Gaithersburg, Mary-
land20899,1998.

[7] J.M.A Troup.Large-ScaleFireTestsof RackStoredGroupA Plasticsin RetailOperationScenarios
Protectedby ExtraLargeOrifice (ELO) Sprinklers.TechnicalReportFMRC J.I. 0X1R0.RR,Fac-
tory MutualResearchCorporation,Norwood,Massachusetts,November1994.Preparedfor Group
A PlasticsCommittee,Lansdale,Pennsylvania.


